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Cells’ precise pattern readout
R
unning from head to tail in a ﬂ  y embryo, the Bicoid 
(Bcd) gradient is the blueprint for anterior–posterior 
development. How cells read the blueprint to give a 
precise pattern was thought to require multiple mechanisms to 
smooth out sloppy Bcd input signals. Now, two papers from 
Thomas Gregor and colleagues (Princeton University, Princeton, 
NJ) put numbers on the cells’ Bcd readout abilities and show the 
system to be highly precise—approaching the limits set by the 
inherent noise in any physical system.
Using live embryos to image the dynamics of the Bcd 
gradient, the team determined that the gradient was established 
within  1 hour after fertilization and that Bcd diffused through 
the cytoplasm of the syncytial embryo with a diffusion constant 
of 0.3 μm2 per second. But if one assumes that simple diffusion 
establishes the gradient, Bcd would never reach steady-state 
within the developmental timeframe. More work is needed to 
ﬁ  nd other mechanisms that are at play.
This ﬁ  rst look at a transcription factor’s behavior in a live 
organism also revealed tightly regulated levels of nuclear Bcd 
between mitotic cycles. During four syncytial cycles, when nuclei 
multiply rapidly and get smaller, the Bcd concentration in a given 
nucleus returned at each interphase to within 10% of its starting 
concentration, holding the blueprint coordinates steady.
At the midpoint of the embryo—where Bcd levels are at 
the head–tail borderline—nuclei held  700 molecules of Bcd. 
A precision of 10% thus means that midpoint cells detected a 
difference of  70 molecules. The noise in Bcd readout (mea-
sured by its activation of the head gene hunchback) was also 
10%, as was the reproducibility of the Bcd gradient from 
embryo to embryo.
The work argues that the cells along the embryo’s anterior–
posterior axis determine their position by a precise readout of 
their own Bcd concentration to either activate hunchback or 
not. And, the authors note, the readout may be even more 
exact, since the repeated 10% ﬁ  gure is “disturbingly close” to 
the noise introduced by their instrumentation.
References: Gregor, T., et al. 2007. Cell. 130:141–152.
Gregor, T., et al. 2007. Cell. 130:153–164.
D
uring early meiosis, telomeres 
gather at the nuclear membrane, 
forming a structure of mysterious 
function dubbed the telomere bouquet. 
Kazunori Tomita and Julia Cooper 
(Cancer Research UK, London, UK) now 
report that the bouquet helps form the 
meiotic spindle and is therefore critical to 
chromosomal division.
Cooper previously showed that a 
telomere-binding protein called Taz1 is 
required for forming bouquets in fi  ssion 
yeast. The taz1 mutants are moderately 
defective in homologous recombination, 
which is thought to be the bouquet’s 
main purpose. But their dominant fault 
lies in spore formation after meiosis—
mutants often have too few spores con-
taining uneven amounts of DNA.
To question why bouquet mutants 
disrupt meiosis, the team has now followed 
the dynamics of bouquet formation in live 
cells. In meiotic prophase of wild-type 
cells, the bouquet associated with the spin-
dle pole body (SPB)—the yeast micro-
tubule-organizing center. The SPB then 
dissociated from the telomeres, divided, 
and set up the bipolar spindle for the 
meiosis I division. It then divided again 
and set up the meiosis II spindle.
Deleting taz1 disrupted this prophase 
telomere–SPB association. As the bouquet 
mutants progressed through meiosis I, 
the SPB became disorganized, failed to 
divide properly, and sometimes even 
appeared outside the nucleus altogether. 
The problems resulted in weak, mono-
polar, or tripolar spindles during one or 
both meiotic divisions.
Closer inspection of the wild-type 
telomere–SPB dissociation event re-
vealed “telomere fi  reworks,” in which the 
telomere ends simultaneously dissociated 
from the SPB. Since 
these fi  reworks di-
rectly preceded the 
fi   rst SPB division 
and failed in bou-
quet mutants, Coop-
er speculates that the 
event somehow “marks” the SPB for 
proper division and spindle organization 
for the rest of meiosis.
A version of Taz1 that cannot bind 
telomeres did not rescue the SPB or 
spindle defects, hinting that a connec-
tion to chromosome ends is needed, per-
haps because a mechanical force must 
be generated or because bouquet pro-
teins only function in the context of a 
telomere complex.
Cooper will next investigate the effects 
of bouquet association and dissociation on 
the SPB. Because they are highly con-
served, bouquets may be critical for mam-
malian gametogenesis, too.
Reference: Tomita, K., and J. Cooper. 2007. 
Cell. 130:113–126.
Fly embryo nuclei detect a 10% difference in Bicoid (blue) concentration 
that either does or doesn’t activate the head gene hunchback (green).
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A burst of dissociation (left to right) of telomeres (green) from the SPB 
(red) may set up meiotic spindles.
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